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Abstract 
Objective: this study aimed to histomorphologically and histomorphometrically evaluate the in vivo response to 
three variations in the resorbable blasting media (RBM) surface processing in a rabbit femur model. Study De-
sign: screw root form implants with 3.75 mm in diameter by 8 mm in length presenting four surfaces (n=8 each): 
alumina-blasted/acid-etched (AB/AE), bioresorbable ceramic blasted (TCP), TCP + acid etching, and AB/AE + 
TCP were characterized by scanning electron microscopy (SEM) and atomic force microscopy (AFM). The im-
plants were placed at the distal femur of 8 New Zeland rabbits, remaining for 2 weeks in vivo. After sacrifice, the 
implants were nondecalcified processed to 30 micro m thickness slides for histomorphology and bone-to-implant 
contact (BIC) determination. Statistical analysis was performed by one-way ANOVA at 95% level of significance 
considering implant surface as the independent variable and BIC as the dependent variable. Results: SEM and 
AFM showed that all surfaces presented rough textures and that calciu-hosohate particles were observed at the 
TCP group surface. Histologic evaluation showed intimate interaction between newly formed woven bone and all 
implant surfaces, demonstrating that all surfaces were biocompatible and osseoconductive. Significant differences 
in BIC were observed between the AB/AE and the AB/AE + TCP, and intermediate values observed for the TCP 
and TCP + Acid surfaces. Conclusion: irrespective of RBM processing variation, all surfaces were osseoconduc-
tive and biocaompatible. The differences in BIC between groups warrant further bone-implant interface biome-
chanical characterization.
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Introduction
As the implant surface is the first part of the implant that 
interacts with the host, methods to increase the implant’s 
biocompatibility and osseoconductivity have been ex-
tensively studied (1). Surface modification approaches 
have been successful in increasing the host response to 
the surgical implants, resulting in higher bone-to-im-
plant contact (BIC) and biomechanical fixation at early 
implantation times (2). Modifications in surface texture 
and chemistry such as increase of roughness, addition 
of calcium (Ca)- and phosphorous (P)-based bioceramic 
coatings are the most commonly utilized methods to in-
crease the host response to the surgical implants (1,2). 
From a surface texture standpoint, increasing surface 
texture has produced favorable results in both in vitro, 
in vivo, and ex-vivo studies (1,2). Although more cel-
lular adhesion has been shown for rougher surfaces 
compared to as-machined or smoother surfaces, micro-
scopically moderately rough surfaces (Ra between 0.5 
and 2 µm) (1,2) have shown better results concerning 
osseointegration measurable parameters such as BIC 
and biomechanical testing (3). Surface texturization has 
been achieved through several processes, which include 
acid etching, anodization, and grit-blasting with nonre-
sorbable (alumina, silica, titanium oxide) or resorbable 
blasting media  (RBM) such as hydroxiapatite, trical-
cium phosphates, or a combination of Ca-P phases (1). It 
should be noted that most commercially available RBM 
processes are followed by an acid etching or passivation 
treatment, resulting in little to absent amounts of Ca and 
P on the final surface (1,4). 
From a surface chemistry alteration standpoint, clinical 
and basic investigations have shown that bioceramic-
coated implants such as the thick plasma-sprayed hy-
droxyapatite (PSHA) present higher host-to-implant 
response, attaining higher degrees of fixation at earlier 
implantation times compared to moderately rough un-
coated implants (5). PSHA-coated implants, however, 
rely on mechanical interlocking between the grit-blasted 
or etched metallic surfaces and the ceramic-like PSHA 
coating (5). While no evidence supporting that PSHA 
coated implants presents lower survival rates than un-
coated implants, this physical interaction between the 
bulk metallic, metallic oxide, and bioceramic surface 
has been considered a weak link in which adhesive fail-
ures have reportedly occur on different implant con-
figurations (5,7). Recently, the incorporation of bioac-
tive ceramics on substantially reduced scale has been 
attempted showing promising results when compared to 
uncoated textured surfaces (5-7). However, the present 
literature is inconclusive with respect to the amount and 
form of Ca-P phases results in an optimized early host-
to-implant response (4-12). 
Since the surface texture and chemistry (especially the 
amount of Ca and P present) of RBM treated surfaces 
are dependent on several variables such blasting media 
composition, particle size, processing parameters like 
blasting pressure and distance, and subsequent acid 
etching treatments (1), a wide range of surface textures 
and compositions can be tailored in an attempt to in-
crease the host-to-implant response. However, based 
on the current literature, no informed design rationale 
regarding basic RBM processing parameters and asso-
ciated in vivo response is currently available. Thus, the 
objective of this study was to histomorphologically and 
histomorphometrically evaluate the in vivo response 
to three variations in the RBM surface processing in 
a rabbit femur model. The surface treatments investi-
gated were: alumina-blasting/acid-etching (AB/AE), 
alumina-blasting/acid-etching + tricalcium phosphate 
blasting (AB/AE + TCP), tricalcium phosphate blasting 
(TCP), and tricalcium phosphate blasting + acid-etching 
(TCP + Acid). 
 
Materials and Methods
This study utilized screw root form endosseous Ti-6-
Al-4V implants of 3.75 mm in diameter by 8 mm in 
length (Seven, MIS, Shlomi, Israel) (n=32). The implant 
groups utilized included the following surfaces: alumi-
na-blasting/acid-etching (AB/AE), alumina-blasting/
acid-etching + tricalcium phosphate blasting (AB/AE + 
TCP), tricalcium phosphate blasting (TCP), and trical-
cium phosphate blasting + acid-etching (TCP + Acid). 
The AB/AE surface treatment was achieved by surface 
blasting with large particles (size ~300-400 microns) of 
Al2O3 followed by etching with hydrochloric/sulfuric 
acid. The TCP surfaces were achieved by blasting with 
HA/TCP (20/80 percent ratio) particles ~200-400 mi-
crons without subsequent acid-etching. The AB/AE + 
TCP surfaces were achieved by combining the afore-
mentioned processes. The TCP + Acid surfaces were 
achieved by the same process as TCP surface followed 
by cleaning with HNO3. All implant surfaces were ste-
rilized under gamma radiation.
Surface texturization was accessed by scanning elec-
tron microscopy and atomic force microscopy. Scanning 
electron microscopy (SEM, Philips XL 30, Eindhoven, 
The Netherlands) was performed at various magnifica-
tions under an acceleration voltage of 15keV. Surface 
three dimensional (3D) imaging were collected by an 
atomic force microscope (AFM) (Nanoscope IIIa Mul-
timode system, Digital Instruments, Santa Barbara, CA, 
USA) in contact mode. A scanner with a maximum 125-
µm horizontal and 5-µm vertical range and a 200-µm 
Si3N4 cantilever tip using a force constant of 0.12N/m 
was used. The region analyzed was the flat part of the 
implant cutting edges, and 10 x 10 µm scan areas were 
used. Three scans were performed per implant.
Following approval of the bioethics committee for ani-
mal experimentation at the Universidade Federal Flu-
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minense (#10/08), Brazil, 8 New Zealand white rabbits 
weighing between 2.5 and 3 Kg in good health were ac-
quired for the study and were kept in house for 4 weeks 
prior to the experiment.
The surgical region was the distal femur, and two im-
plants were placed along each limb. The different im-
plant surfaces were alternately placed at proximal 
and distal sites at distances of 2 cm from each other 
along the central region of the bone. The distributions 
for comparison for the various surfaces resulted in an 
equal number of implants per group and implantation 
site (proximal or distal). All surgical procedures were 
performed under general anesthesia. The pre anesthetic 
procedure comprised an intra-muscular (IM) adminis-
tration of ketamin (20 mg/Kg) and xylasin (1 mg/Kg). 
General anesthesia was then obtained following by 1% 
isofluorane by inhalation. 
Following hair shaving, skin exposure, and antiseptic 
cleaning with iodine solution at the surgical and sur-
rounding area, a 5 cm incision at the skin level was per-
formed followed by a muscle layer incision. Then, a flap 
was reflected and the distal femur exposed. 
Two osteotomies per limb were produced at least 2 cm 
from each other from distal to proximal. The initial 
drilling was performed by a 2 mm diameter pilot drill 
at 1200 rpm under saline irrigation. Then, sequential 
drilling with burs of 2.5 mm and 3.5 mm was performed 
at 800 rpm under saline irrigation. The implants were 
screwed into the osteotomies with a torque wrench. It 
should be noted that while intimate contact was achieved 
between bone and the implant microthreads in the cer-
vical region, healing chambers were created due to the 
interplay between the implant threads’ 3.25 mm inner 
diameter and  the osteotomy 3.5 mm diameter.
In order to avoid any damage to the implant-bone inter-
face due to removal of a callus overgrowth after limb 
retrieval, a cover screw was installed in each implant. 
Standard layered suture techniques were utilized for 
wound closure (4-0 vicryl- internal layers, 4-0 nylon- 
the skin). Post-surgical medication included antibiotics 
(penicillin, 20.000UI/Kg) and analgesics (ketoprophen, 
1ml/5Kg) for a period of 48 hours post-operatively. The 
euthanasia was performed by anesthesia overdose.
At necropsy, the limbs were retrieved by sharp dissec-
tion, the soft tissue was removed by surgical blades, and 
initial clinical evaluation was performed to determine 
implant stability. 
Following the necropsy, the bone blocks were kept in 
10% buffered formalin solution for 24h, washed in run-
ning water for 24h, and gradually dehydrated in a se-
ries of alcohol solutions ranging from 70-100% ethanol. 
Following dehydration, the samples were embedded in 
a methacrylate-based resin (Technovit 9100, Heraeus 
Kulzer GmbH, Wehrheim, Germany) according to the 
manufacturer’s instructions. The blocks were then cut 
into slices (~300 µm thickness) aiming the center of the 
implant along its long axis with a precision diamond saw 
(Isomet 2000, Buehler Ltd., Lake Bluff, USA), glued to 
acrylic plates with an acrylate-based cement, and a 24h 
setting time was allowed prior to grinding and polish-
ing. The sections were then reduced to a final thick-
ness of ~30 µm by means of a series of SiC abrasive 
papers (400, 600, 800, 1200 and 2400) (Buehler Ltd., 
Lake Bluff, IL, USA) in a grinding/polishing machine 
(Metaserv 3000, Buehler Ltd., Lake Bluff, USA) under 
water irrigation (13). The sections were then toluidine 
blue stained and referred to optical microscopy evalu-
ation.
The bone-to-implant contact (BIC) was determined at 
50X-200X magnification (Leica DM2500M, Leica Mi-
crosystems GmbH, Wetzlar, Germany) by means of a 
computer software (Leica Application Suite, Leica Mi-
crosystems GmbH, Wetzlar, Germany). The regions of 
bone-to-implant contact along the implant perimeter 
were subtracted from the total implant perimeter, and 
calculations were performed to determine the BIC.
Statistical analyses were performed by one-way ANO-
VA considering implant surface as independent vari-
ables and BIC as the dependent variable. The Tukey’s 
post hoc test was used for multiple comparisons. Sta-
tistical significance was indicated by p-levels less than 
5%.
Results
Images obtained by SEM showed that all surfaces pre-
sented texturization morphologically different (Fig. 1). 
The TCP and TCP + acid surfaces were qualitatively 
less rough compared to other two. The TCP surface 
showed residues of the blasting media particles while 
TCP + Acid did not present remnants of blasting me-
dia particles (Figure 1b,d). Atomic force microscopy 
revealed that from a submicrometer standpoint all sur-
faces were similar (Fig. 2).
The surgical procedures and follow-up demonstrated 
no complications regarding procedural conditions, 
post-operative infection, or other clinical concerns. No 
implants were excluded from the study due to clinical 
instability immediately after the euthanization.
The nondecalcified sample processing showed intimate 
bone contact with all implant surfaces at regions of corti-
cal and trabecular bone. Under a magnification of 100X, 
the bone-implant interfaces were easily visualized and 
facilitated bone-to-implant contact determination (Fig. 
3). In general, woven bone formation occurred in the 
regions of intimate contact with all tested surfaces. An 
appositional type bone healing was observed at regions 
where close contact between implant and bone occurred 
immediately after implantation, whereas an intramem-
branous-like bone healing pathway was observed where 
the interplay of the implant macrogeometry and os-
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Fig. 1. Scanning electron microscopy images of the a) alumina-blasted/acid-etched (AB/AE),  b) TCP, c) AB/
AE + TCP and d) TCP + Acid surfaces considered in the present study.
Fig.  2. The three dimensional reconstruction of the different surfaces obtained by AFM showed that at the 
10um x 10um scanned area, showed similar roughness patterns for the a) AB/AE b) TCP c) AB/AE + TCP, 
and d) TCP + Acid surface treatments.
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Fig. 3.  The bone-
implant interfaces 
were easily visual-
ized and facilitated 
bone - t o - i mpla n t 
contact determina-
Fig. 3.  The bone-implant interfaces were easily visualized and facilitated bone-to-implant contact determination. 
(a) In general, woven bone formation occurred in intimate contact with all tested surfaces. An apposition type (AT) 
bone healing was observed at regions where close contact between implant and bone occurred immediately after 
implantation (b, detail), whereas an intramembranous-like (IL) bone healing pathway was observed where the 
interplay of the implant macrogeometry and osteotomy dimensions allowed the formation of healing chambers.
Fig. 4. The intramembranous-like bone healing pathway was observed where the inter-
play of the implant macrogeometry and osteotomy dimensions allowed the formation 
of healing chambers. However,  no qualitative morphologic differences were observed 
among the four groups: a) AB/AE b) TCP c) AB/AE + TCP, and d) TCP + Acid. The gap 
between implant and bone in (c) is a separation artifact from slide processing.
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teotomy dimensions allowed the formation of healing 
chambers (Fig. 3). No significant bone morphological 
differences were observed between surface groups (Fig. 
4). Spatially, woven bone formation occured at central 
regions and  regions in close proximity to the implant 
surface for all groups, and substantial filling between 
threads occurred at regions above and below the corti-
cal plate (Fig. 4).
One-way ANOVA showed that the percent bone-to-im-
plant contact was significantly affected by implant sur-
face. The BIC values (expressed as mean ±standard de-
viation) for the AB/AE surface were significantly higher 
than for the AB/AE + TCP surface at 33.38 ±8.45% and 
19.37 ±7.51%, respectively. The TCP and TCP + Acid 
surfaces showed intermediate %BIC values at 30.28 ± 
9.60% and 25.14 ± 8.07%, respectively (Fig. 5).
Discussion
Surface modification has been thus far the most inves-
tigated design parameter in implant dentistry in an at-
tempt to increase the host-to-implant short- and long-
term response (1,2,14). Thus, as wide range of surface 
modifications have become available under various 
rationales, and are primarily comprised by roughness 
and/or chemistry modifications (1,2,14). 
The vast majority of the commercially available sur-
faces present a moderately rough texture (Ra values 
ranging between 0.5 and 2µm) (1,2,14) and are typically 
obtained by a variety blasting and/or acid-etching pro-
cedures (1,2,14). Alumina has  been thoroughly utilized 
as a blasting media, however concerns regarding sur-
face cleaning from residual particle embedding prior 
to sterilization and implantation has led manufacturers 
into the utilization of alternative biocompatible mate-
rials such as titanium oxides and bioactive resorbable 
ceramics (1,15). While higher biocompatibility degrees 
are likely achieved by using biocompatible blasting me-
dia, especially bioactive ceramics, little is know regard-
ing the effect of tailoring the amount of calcium-phos-
phates left on the surface through variations in cleaning 
procedures (primarily acid treatments). Thus, this study 
aimed to histomorphologically and histomorphometri-
cally evaluate the early in vivo response to three varia-
tions in the RBM surface processing in a rabbit femur 
model.
The four surfaces morphologic characterization re-
vealed texturization in the micrometer and nanometer 
scale that are commonly observed in commercially 
available implant surfaces and fall within the moder-
ately rough surface category (1,15). While all surfaces 
may be considered moderately rough, the differences in 
the micrometer scale morphology depicted by electron 
microscopy can be attributed to the different surface 
processing procedures. For instance, since the resorb-
able blasting media utilized for the preparation of the 
TCP and TCP + Acid surfaces presents decreased hard-
ness compared to alumina, smoother roughness profiles 
were obtained despite the presence and absence of CaP 
particles on the TCP and TCP + Acid surfaces, respec-
tively. On the nanometer scale, depicted by AFM, no 
Fig. 5.  Mean and standard deviation of %BIC (bone-to-implant contact). One-way ANOVA showed significant 
differences between groups (p< 0.04). The asterisk denotes a significant difference between two of the groups 
(AB/AE and AB/AE + TCP).
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qualitative differences were observed between surfac-
es. Thus, in the present study, different roughness and 
surface chemistries were evaluated with respect to its 
early osseconductivity.
The general histologic findings observed showed that 
all surfaces investigated were biocompatible and os-
seoconductive, and all histologic sections showed the 
natural healing pathway for implants (16-18) irrespec-
tive of implant surface. The implant macrogeometry 
and surgical instrumentation utilized allowed different 
bone healing patterns that were dependent on how the 
implant interacted with the final osteotomy (16-18). At 
regions where intimate contact between bone and im-
plant surface occurred immediately after implant place-
ment, the classic appositional bone healing occurred. At 
contact-free regions, where healing chambers resulted 
due to the combination between implant and osteotomy 
dimensions, woven bone filling was observed through 
an intramembranous-like healing (16-18). The higher 
filling between threads observed at regions near the 
cortical plate occurred due to the higher osteogenic cell 
content at the periosteal and endosteal regions present 
in the rabbit femur model. Such characteristic resulted 
in substantial woven bone formation in close proximity 
with all surfaces.
Despite the fact that all surfaces were biocompatible and 
osseoconductive, significant differences in BIC were 
observed between the AB/AE and the AB/AE + TCP, 
intermediate values observed for the TCP and TCP + 
Acid surfaces. While controlled physico/chemical char-
acterization protocols must be performed to address this 
differences, as substantial alteration in surface chemis-
try may be rendered by the TCP + Acid treatment over 
the AB/AE surface, our results confirm that surface 
texture or chemistry alone can not be accounted for 
the early biocompatible properties of implant surfaces. 
Such observation is further supported by the fact that 
even though the TCP and TCP + acid surfaces presented 
similar roughness patterns but different surface chem-
istry composition. It should be noted that even though 
the BIC is a commonly utilized measurable indicator of 
osseointegration parameter, the load bearing capability 
of the implant may substantially differ as it is dependent 
in the new ly formed bone mechanical properties and 
short and long-range implant-bone microstructure may 
vary substantially (1), warranting further biomechani-
cal characterization (16-18). 
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